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INTRODUCTION 
This investigation was undertaken to determine .. the. specificity 
of the opsonicactivity of Shigella flexneri antisera ( typesla, lb 
and 3 ) against the .. ho.malogo:us.. and heterologous cell types. 
It was considered. .. probable that such inf'ormation \ttould lead to 
a better understanding. of. antigen .- antib.ody systems involved in 
recovery and immunity to bacillary dysentery. 
1 
HISTORICAL REVIEW 
A. GENERAL BIOLOGICAL SIGNIFICANCE OF PHAGOCYTOSIS 
For many years biologists had observed the ingestion of foreign 
particles by lower forms of invertebrate life without attaching any 
bl'Oad significance to this phenomenon. The fact that human white cells 
were capable of this activity was likewise given little significance until 
the now classical studies of Metehnikoff.271 28 In his early experiments 
on the mechanism of inflammation, he noted that the introduction of 
foreign particles into the starfish (bipennari~) caused the mobilization 
of amoeboid cells into the area and the ingestion of these particles by 
the cells. Metchnikoff also observed that the ability of the crustacean 
Daphnia to survive an infection with yeast cells depended on the mobiliza-
tion of these amoeboid cells and the ultimate destruction of the .yeast. If 
the phagocytic cells were unable to contain the infection the host in-
variably died. From these and like experiments, Metchnikoff postulated 
his theory of cellular immunity lbich for the most part stands today. He 
stated that phagocytosis and destruction ofinvading microorganisms by the 
phagocytes of the body constituted the basic mechanism of resistance and 
immunity. To explain the increased resistance to infection observed in 
the immune animal, Metchnikoff postulated the presence of certain serum 
£actors which he called "stimulins" • These factors increased the activity 
and the efficiency of the phagocytic mechanism by acting directly on the 
e~lls and not on the bacteria. In the years following this work, two 
strong schools of thought developed presenting conflicting views on the 
mechanism of immunity. Those that followed the humoral school stated 
that all immune mechanisms were due only to the immune bodies found in 
the serum of the animal and that the phagocyte only served the fUnction 
of cleaning up cellular debris after the infection had been overcome. 
The proponents of the cellular theory of immunity, put forward by 
Metchnikoff, put their emphasis on the activity of the phagocyte in re-
moving the bacteria from the animal body. The work of the past fifty 
years has brought both of these theories together, but the ultimate 
mechanism of recovery from most infections is still the phagocyte. 
Metchnikoff t s 11 stimulin" theory has for the most part been discarded. 
However, in 19391 Lurie 
24 
working on immUne mechanisms in tuberculosis 
and Jawetz and Meyer 18 in 1944 working on ti.mmunity in plague found that 
in the resistant animal there is an increased ability of the monocyte to 
ingest and digest the invadirig bacteria. This evidence has not been e~ 
tended to any other disease process and certainly deserves fUrther study 
as a general phenomenon. With the exception of the cited cases, it has 
2 
been shown that increased phagocytosis and resistance in the immune animal 
is due to serum factors acting on the bacteria and not on the phagocyte. 
B. ROLE OF NOW..AL AND IMMUNE SERUM IN PHAGOCYTOSIS 
Denys and Leclef 8 in 1895, showed that the increased phagocytosis 
of streptococci in the blood of animals immunized against this organism 
was due to immune bodies in the serum. They further reported that white 
cells taken from either nor-mal or immune animals were equally active in 
the presence of i.Imnune serum. From the results obtained in these e.xperi.o. 
ments, they postulated that the action of i.mmune serum was on the bacteria 
and not on the phagocytes as Metchnikoff had suggested. This pioneer work 
was followed by a large number of papers confirming the action of immune 
serum in promoting phagocytosis. 
After the publication of a reliable in vitro techniqq.e by 
22 
Leishman , in 1902, the way was opened for a more quantitative 
3 
approach to the study of the phagocytic mechanism. Using a modifica...-
tion of this technique, Wright and Douglas 39140 in the following year 
found that normal serum contained & factor that was capable of enhancing 
phagocytosis. They found this factor to be labile to heating for ten 
minutes or longer at 56 C and nonspecific in its activity. For this 
uncharacterized material in normal serum they coined the term opsonin. 
Using these same basic techniques, Neufeld and Rimpeau 31 in 
1905, described the presence of heat stabile, specific substances in 
immune serum that enhanced phagocytosis of the homologous organism. These 
they called bacteriotropins. They held that bacteriotropins were identi-
cal to the agglutinins, precipitins and protective antibody found in 
immune sera. Some of the immune sera used by these workers lost activity 
'When heated to 56 C for thirty minutes. On the basis of this evidence, 
they postulated the presence of a second specific factor in immune sera 
that required the participation of complement for its activity. 
The nomenclature for the various phagocytosis promoting factors 
found in normal and immune sera will be greatly simplified in the remainder 
of this paper. The term opsonin will refer to any phagocytosis promoting 
factor, be it norma.l serum, immune serum, or a chemical material. That of 
normal serum will be called normal serum opsonin and that of immune serum, 
immune serw:n opsonin. Neufeld's special type of tropin requiring the 
presence of complement will not be discussed further as all evidence to 
date indicates that it is an unnecessary complication. 
From the early experiments of Wri.ght and Roue:las, the question 
arose as to 'What the normal serum opsonin was. In the first place, a 
great deal of contradictory evidence had accumulated regarding the 
specificity of normal serum opsonin. In 1906, Bulloch and Western3 
found that they could absorb out specific opsonins from normal serum 
4 
using staphylococci and tubercle bacilli, leaving those for other bacteria 
undiminished. At this time the picture became more confused when many 
workers again demonstrated that normal opsonins were indiscriminantly 
removed by a large variety of bacteria, The problem was re-investigated 
by Bull and McKee2 in 1921, in the course of their experiments on the 
pneumococcal protective substances in normal chicken sera. These workers 
found that n~r.mal chicken serum would protect mice against a lethal dose 
of pneumococci if the serum was given intraperitoneally a suitable time 
before the infective dose. Furthermore these protective substances could 
be specifically absorbed from the serum by any of the pneumococcal types. 
The active principal in these sera however, resisted heating to 56 C for 
30 minutes, thus separating it from the normal serum opsonin of Wright 
and Douglas. These results were confirmed by Sia 34 in 1927, on the cat 
and the pig, animals that are also naturally resistant to pneumococcal 
infection. Ward and Enders 35 in 1933, found that they could specifically 
absorb out pneumococcal opsonins from normal human serum. The sera they 
used however were from adults and in all probability they were absorbing 
specific antibodies produced through previous contact with the organisms. 
On the other side of the picture, it is well known that normal serum will 
opsonize carbon and collodion particles by aasorbtion to their surface. 
Furthermore the specific action described above has only been shown in a 
5 
limited number of cases. 
The evidence seems to indicate that in those instances where 
specificity has been shown, both a thermolabile nonspecific opsonin 
and a ther.mostabile specific opsonin are envolved. In naturally re-
sistant animals the stabile factor is probably a normal serum protein 
which has phylogenetically evolved with this peculiar specificity to 
a given bacterium. This, however, is pure speculation. 
The second question that presents itself is the relation of this 
normal serum opsonin to complement. Most of the early work suggested a 
very definite similarity between these two serum activities. The work was 
all of a very qualitative nature and it is of value to swmmarize only a 
few of the more important findings. 
1. Both are heat labile~ 
2. Both resist heating to 135 C if they are in the 
lyophilized state. 
3. Both are removed by nonspecific complement fixing 
systems. 
4. Both are nonspecific in action. 
With increasing knowledge of the chemical nature of complement, more 
quantitative studies were undertaken. In 1926, Gordon, Whitehead and 
15 . Wormall found that ~f they destroyed the fourth component of complement 
by bhe addition of ammonia, the opsonic action of nor.mal serum for 
Staphylococcus aureus was not impaired. From this evidence these workers 
came to the conclusion that normal serum opsonin must either be a modified 
complement, or a substance unrelated to complement, but reaembling it very 
closely in its properties. Gordon and Thompson14in 1?35, confirmed these 
6 
results, and that was the prevailing opinion until quite recently. Ebker, 
11 Pillimer and Kuehn in 1942, found that there was no relation between 
the opsonic and complement titers of six mammals that they tested. It was 
also found that these sera reacted in different ways ;~en various fractions of 
complement were destroyed. Some sera required c4 and others did not. From 
this study, it was obvious that many discrepancies found in the earlier work 
were due to species differences. Throughout this type of work it is very 
important to limit the conclusions drawn only to the system studied. 
The most quantitative ~rk to date on this subject was done by Ecker 
and Lopez-castro9 in 1947. By selectively destroying various fractions of 
canplement and by building up a complete complement from it component 
fractions, these ~rkers found that with human serum, c3• was not necwssary 
for opsonic activity. All attempts at repeating the work of Gordon et al 
were unsuccessful. Because of the careful quantitative nature of this 
work and the more advanced knowledge of the nature of complement at this 
time ( see Ecker and Pillimer 10 and Heidelberger and Mayer18)these ex-
periments are certainly more valid than the earlier ones in this field. 
Thus at the present time it can be stated that normal serum opsonin of 
h t 1 t bl · f ct ' d cr Th diff uman serum a eas , resem es a campos~te o 1,c2, an 4. e er-
ence in hemolytic complement titers and phagocytic titers of a given serum 
is now easily explained. Complement titers depend on the fraction of com~ 
t 
plement present in the smallest amount. Thus if a serum is very low in c3 
but contains ample quantities of the other components, it will show a very 
low complement titer but a high opsonic titer. 
Of more direct interest to this paper is the role of normal serum 
opsonin in immune phagocytosis. The early work of Hektoen19, Dean5,Levaditi 
7 
and Inaann23 all showed that immune serum heated to 56 C for thirty 
minutes lost a good deal of its activity and that this activity could 
be restored by the addition of normal serum in amounts whichy by them-
selves were inactive. This is where the problem remained until the work 
of Ward and Enders35 in 1933- Their results indicated that no~al serum 
opsonin acted as a catalyst in immune phagocytosis, speeding up the re• 
action but not affecting the final endpoint. The graph represented below 
will illustrate their results. 
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It will be seen that although the tubes containing normal serum showed a 
much more rapid phagocytosis than the tubes containing only inactivated 
immune serum, the t..otal number of organisms engulfed in both cases was 
the same, after eight hours of incubation. 
In 1942 Ecker and co-workers12 found that this relation is not 
this simple. Th~ investigated the effect of ~arying dilutions of normal 
serum on serial dilutions of inactivated· -.une serum. The results were 
quite different from those that might have been expected from previous 
work. With high concentrations of both normal and immune serum the level 
, .. 
of phagocytosis was depressed below that of nor.mal serum alone. At optimal 
concentra tiona of immune serum small amounts of normal serum enhanced 
phagocytosis, while large amounts caused an inhibition of the activity of 
8 
the immune serum alone. To understand the explanation of this phenomenon 
put forth by the authors, some knowledge of the basic physical factors en-
volved in phagocytosis is necessary. An excellent review of the current 
theories presented will be found in the review of phagocytosis written 
30 by Mudd et al • Very briefly, the most logical "theory states that whether 
a particle is engulfed or not depends on the relative surface forces be-
tween the particle and the phagocyte, the phagocyte and the medium and the 
particle and the medium. Mudd found that any substance acting as an 
opsonin, be it immune serum, nonnal serum or an artificial opsonin, was 
adsorbed onto the surface of the particle and so changed that surface that 
the phagocyte was able to flow around the particle and engulf it. In the 
light of this work some rational explanation can be given to the results 
obtained by Ecker and his group. Ecker explains that untreated staphyl-
t: 't l 
ococci will adsorb fractions c1, c2 and c3 of complement to their surface 
but little C~ • (See Gordon and Thompson14). This then is the surface 
presented to the phagocyte when normal serum opsonin acts alone. Staphyl-
. I t 
ococci first treated with immune serum will adsorb frantJ.ons c1, c2 and 
t l 
c4 , but little of fraction c3 • Thus the surface pattern has changed, 
being different from that of immune or normal serum alone. This variance 
in surface pattern then accounts for the difference in phagocytosis at 
different levels~ immune and nor.mal serum. No confirmation of these re~ 
sults or of the explanation of the results has been forthcoming, and for 
this reason, th~ must certainly be viewed with caution. 
C • PHAGOCYTOSIS OF THE ENTERIC BACTERIA 
The aspect of phagocytosis most closely connected with the subject 
matter of this thesis is the work concerning phagocytosis of the"Enteric" 
bacteria. Most experiments w.i. th this group of organisms have concerned 
the nature of the antigen r-esponsible for ithe resistance of the group 
to phagocytosis. Maltaner 
26 
in 1934, found that injection of "smooth" 
9 
strai ns of Salmonella tyPhos~ intraperitoneally into guinea pigs caused 
death of the animal l~th little evidence of phagocytosis of the invading 
organisms. ~!hen "rough" strains were injected on the other hand, they 
were rapidly engulfed by mobilized White cells and the infection was 
overcome. If the animals were immunized both strains were taken up by 
1 the cells with equal ease. In the following year, Bhatnager carried 
out more quantitative experiments and found that 110 11 antisera had con-
siderable opsonic action while 11H11 antitiody was of little or no value. 
He also found that the phagocytic titers obtained with these antisera 
using different cultures of Salmonella tyPhosa depended on the 110 11 
.· 32 
agglutinability of these organisms. Pike and Mackenzie in 1940_, 
described a smooth avirulent strain of Salmonella tyPhimuriumzAJ;ld . , .. 
found that the only difference between the virulent and avirulent strains 
wast heir ability to multiply within the host. They could find no diff-
erence between the action of polymorphonuc.lear leucocytes from mouse 
exudates on virulent and avirulent 11S11 strains of the organism. The most 
6 7 
recent work on this subject is that of D~launay ' l'Jho corroborated many 
of the earlier findings. He found that 11 S11 strains of Salmonella typhosa, 
Salmonella shottmHleri and Shigella shiga were not phagocyted in Lockets 
solution while the 11R11 variants of these organisms were. He correlated 
' this resistance with the presence of a glucolipid antigen on the surface 
of the bacteria. Delaunay also corroborated the work of Bhatnager in 
finding that 11011 antitiody is much more potent than 11H11 in promoting 
phagocytosis. 
10 
Felix and Bhatnager 13in 1935 found that in strains of typhoid 
having Vi antigen, 110" antibody was not opsonic. An antiserum contain-
ing Vi antibody on the other hand, strongly opsonized organisms possess-
ing this antigen. 
In swmmary it may be stated that the antigen responsible for re-
sistance of the organism to phagocytosis in the gram negative group is 
the 11011 antigen or the 11V.zi." antigen if it is present. In many cases 
the presence or absence of these antigens has been correlated with 
virulence of the strain. 
In reviewing the literature, no evidence has been found that 
any work has been done on the phagocytosis of the Flexner group of 
dysentery bacilli. There is no reason to assume however that they will 
differ in any respect from the other members of the gram negative enteric 
group. 
For a more complete discussion of other pha~es of phagocytosis 
30 . the r eader is referred to the reviews of Mudd and Zinsser, Enders and 
Fothergill41• 
ll 
EXPERIMENTAL METHODS 
All workers in this field have experienced great difficulty in 
quantitating the procedures used in studying phagocytosis. For this 
reason it is felt that a detailed description of the techniques used 
in these experiments w::>uld be of value to the reader • 
A. COLLECTION OF EXUDATES AND PREPARATION OF CElLS 
Polymorphonuclear leucocytes were required in large amounts to 
c~rr,y out the proposed work. There are several methods available to 
produce exudates rich in these cells. 29 The method used by Mudd et al 
was employed in these experiments. It consists of the injection of 
large quantities of saline intraperitoneally into rabbits and the har-
vesting of the exudates so produced after a suitable incubation period. 
The use of saline in~~ead of other particular irritants yielded cells 
' ' 
that contained no foreign particles in their cytoplasm and greatly 
facilitated the counting of engulfed bacteria. The method was carried 
out as follows: 
1. 200 ml of 0.9 per cent NaCl was injected intraperitoneally into a 
rabbit the evening before the experiment. 
2. The following morning, some 14-18 hours. after the first injection, 
a second dose of 200 ml of saline was administered in the same fashion. 
3. After an incubation period of three to four hours, 40-50 ml of 1.1 
percent sodium citrate in 0.7 percent NaCl was injected into the peri-
toneal cavity, 
4. Immediately after this injection the animal was sacrificed by the in-
jection of 15-20 cc of air into the marginal ear vein. 
5. An incision was then made in the peritoneal wall and the fluid withdra'Wll. 
About 100-150 ml of a milky suspension of cells was usually obtained. 
12 
6. The cells obtained ·in this fashion were then "Washed three times in 
buffered saline. Great care must be taken at this step in the procedure. 
White cells are very fragile and any unnecessary handling will cause 
fragmentation. After each washing t .b:e cells were centrifuged at 700 R.P .M. 
for 5 minutes. Although a certain percentage of the cells is lost by 
using this low speed, those that are obtained are intact. In resuspend-
ing the cells between each. centrifugation, great care was excercised by 
slowly raising and lowering the cellular sediment with the aid of a 
capillary pipette. 
7. The washed cells were then adjusted to a concentration of 251 000 cells 
per cmm using a standard chamber count as described in Kolmarts Clinical 
Diagnosis by Laborato~ Examinations20• Differential counts on a number of 
these exudates showed that they regularly contained between 85 to 90 per-
cent polymorphonuclear leucocytes. 
B. PREPARATION OF ORGANISMS 
Throughout this entire paper the nomenclature used for the Shigella 
fiexneri groups follows the scheme presented by Ma.dsen25 • 
Type TyPe Specific AntiS en Group Antigens 
l a 1 4 
lb 1:. 4 6 8 
2a II 3 4 
2b II 7 
3 III 6 7 
4a IV 3 
4b IV 6 
5 v 7 
6 VI (4) 
X 3 7 
y 3 4 
The strains used in this w:>rk were cultures, supplied for the preparation 
of standard typing rserar~ by the Communicable Disease Center of the United 
States Public Health Service. The cultures were obtained through the 
courtesy of Dr. Robert Macready, Massachusetts Department of Public Health. 
13 
The stock organisms were maintained on agar slants at room 
temperature and were plated out every two to three weeks to maintain 
the purity of the strain. 
Fourteen to eighteen hours before an experiment, tubes of meat 
extract broth containing 0.5 percent glucose were inoculated from the 
stock cultures 0.5 ~ of this growth were aseptically pipetted into 
fresh media and allowed to incubate for from three to four hours. The 
organisms grown in this manner were then washed twice in buffered 
saline and were standardized to a given turbidity using a. ~o:lo~imfit:e.z;. 
It was not necessary in these experiments to know the exact number 
of organisms involved in each set of experiments. The standardization 
was employed to insure the same concentration of the three types in 
16 
each individual series. This is very important, for as Hanks has 
shown, the degree of phagocytosis is a function of the relative 
numbers of bacteria and leucocytes in the reacting mixture. 
Agglutination tests were run frequently to check the antigenic 
stability of the strains. 
C. PREPARATION OF ANTISERA 
The organisms used in the vaccines were grown for eighteen 
hours on agar slants, harvested and then killed by the addition of 
o.5 percent formalin.. The cells were washed three times in saline 
to get rid of the excess formalin and w~re then standardized to 
approximately 9 x 108 organisms per ml. Four injections of this 
vaccine were given intravenously to a group of rabbits. The first 
three doses of 0.1 ml, 0.3 ml and 0.5 ml respectively, were given 
on alternate days~ Arter a five day wait the final dose of 0.5 ml 
was given and the animals were bled out one week after this final 
dose. All ilr.mune sera were inactivated by heat at 56 C for 30 minutes. 
D. DILUENT 
The diluent used in these experiments was a buffered saline. 
The phosphate buffer employed was just strong enough to maintain 
the pH of the reacting mixtures between pH 7 and pH 7.4. This was 
made up as below: 
NaCl . • • . . . . . • • • . • • • . . • • . • 8 •. 5 g 
M/15 Na2HP04··••••••••••••27.0 m1 
M/15 KH2PO 4 ••••••••••••• J.5 m1 
H20 g.s. ad •••••••••••• 1000.00 ml 
E. SivlEARS AND STAIN 
14 
The making of good smears is extremely important in this type 
of w:>rk, not only in facilitating the counting of engulfed bacteria, 
but also in increasing the accuracy of the final counts. The slides 
used in the making of these smears must be absolutely grease free. It 
was found that boiling the slides for several minutes in an alkaline 
deturgent and tben thoroughly washing them in water gave very satis-
factor,y results. The actual smearing of the cells on the slide can 
only be accomplished with experience. After smearing,the slides 
were dried rapidly under an electric fan. This procedure of rapid 
drying prevents the cells from rounding up and gives cells that are 
much easier to read. 
Some difficulty was encountered in finding a suitable stain. 
The standard blood stains such as Wright's and Geimsa's were of no 
value since, the rabbit polymorphonuclear cells employed contain large 
eosinoppilic granules in their cytoplasm that are very prominent with 
these stains, obscuring the engulfed bacteria. Toluidin blue was found 
to be an ideal stain to overcome this difficulty. This stain has a great 
affinity for nuclear material, staining the cytoplasm very lightly. 
' 
15 
The stain was prepared as below: 
To lui din Blue ______ o. 5 g 
Phenol 3.0 m1 
95% ethanol 10 •. 0 ml 
Distilled water q.s.ad 100.0 ml 
Using this stain the smears are fixed in chloroform for 5-10 seconds, 
stained for 90 seconds in the above mixture and then very lightly washed 
in tap water. To clear the cytoplasm further the fixed smears may be 
treated for fifteen minutes in 95% ethanol containing 3% HCl. This pro-
cedure was found to facilitate greatly the counting of the cells. 
Fe'· NORMAL SERUM 
Nor.mal serum was obtained by bleeding 20 ml of blood from the 
heart of untreated rabbits and allowing the blood to clot for one hour 
at 37 C. The clot was then centrifuged down and the serum collected. 
Whenever normal serum was used in the experiment it was prepared the 
day of the experiment and was maintained at 5 C until used. 
G. PROTOCOL OF A SAMPLE EXPERIMENT 
The evening before the experiment a rabbit was given 200 m1 of 
saline and the broth cultures were inoculated with the strains to be 
employed. The following morning the rabbit was given a second dose of 
200 m1 of saline and broth cultures. were transplanted as described. 
After a three hour wait, the white cells were collected, washed and 
standardized, as were the organisms. 
0.2 m1 of the Flexner suspensions were added to standard sero-
logical tubes, 10 x 7 mm which were used throughout these experiments. 
The serum to be used in a given experiment was diluted out in suitable 
16 
dilutions and 0.2 ml of the desired dilution were added to the bacteria. 
This mixture was incubated at 37 C for five minutes and then .2cc of ~nite 
cell suspension and 0.4 ml of the diluent were added to each tube to 
bring the final volume up to 1 ml. Thus each tube contains: 
0 .. 2 ml- - - --- -bacteria 
0.2 ml- ~ - - - - - diluted serum 
0.4 ml~ - -- - -- diluent 
0.2 m1~ - - - - ~ - white cells. 
When all the reactants were added to the tubes, they were stoppered 
with paraffined corks and were rotated at lRPM at 37 C for 45 minutes. 
The use of a rotator was first suggested by Robertson and Sia~33 to pr~ 
vent the settling out of white cells and bacteria and to maintain an 
even distribution throughout the period of incubation. At the end of 
this period the tubes were removed from the incubator and .plunged into 
ice water to prevent any further phagocytosis. Smearswere made, fixed 
and stained in the manner previously described. On each slide 50 cells 
were counted and the number of organisms engulfed by these cells record-
ed. 
In any given experiment there may be slight changes in the pro-
tocol outlined. These will be described when the individual experiments 
are discussed .. 
In the presentation of the results all references will be made 
to the total number of bacteria engulfed by the fifty white cells counted. 
In the tables, the percentage of white cells active in engulfing these 
bacteria is also included. These two figures parallel eacl:l ,pther very 
closely, either one presenting an accurate picture of the degree of 
phagocytosis in a particular mixture. 
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RESULTS 
AGGULUTINATION TITERS OF THE IMMUNE SERA EMPLOYED 
~~ The immune sera prepared against Shigella flexneri la, lb and 
3 were checked for their antibody activity by means of the agglutina-
tion test. Each serum was tested against the heterologous and homo-
logous types. 
TABLE 1 
AGGLUTINATION TITERS OF FLEXNER la, lb and .3 SERA 
ANTISERA 
Cells l.a lb 
la 5120 2560 
lb 2560 1280 
3 40 2560 5120 
The data presented in Table 1 shol'l that flexner la and lb sera 
cposs react strongly with the he~erologous la or lb cells. This cross 
reaction is due to the common possession of the type specific I antigen 
by both of these types. The results also demonstrate that lb and 3 
sera cross react with the heterologous lb or 3 cells.. This reaction is 
the result of the presence of large amounts of group factor 6 in both 
these types. la and 3 sera show comparatively weak agglutination with 
the heterologous la or 3 cells. These two types contain no common type 
specific or group specific antigens in large amounts as in the previous 
two cases. The degree of cross reaction found with these three Flexner 
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sera agrees well with that presented by Madsen as characteristic of 
these types. 
Throughout this entire series of experiments, frequent checks on 
the antigenic stability of the strains and on the antibody content of the 
sera were carried out in this manner. In all cases the titers were the 
same as thos presented in Table 1. 
THE OPSONIC ACTION OF NORMAL RABBIT SERUM 
Examination of Table 2 reveals the degree to ~ich fresh normal 
rabbit serum is capable of opsonizing the three types of Shigella 
fle:xneri employed in these experiments. 1'/ith each of the types (Fle.xner 
la, lb and 3) the total number of bacteria engulfed is a function of the 
concentration of the serum present. However, the organisms differ in 
their susceptibility to the normal serum~ In general flexner 3 se~s to 
be most resistant, showing little phagocytosis at dilutions greater than 
1:25. The actual degree to which these bacteria are engulfed differs 
greatly with the particular serum used, but the general pattern of a 
logarithmic decline in activity with dilution of the serum is consistant. 
THE OPSONIC ACTION OF FLE.XNER la SERUM 
The data presented in Table 3 and Figure 1 show that the opsonic 
action of flexner la serum on flexner la and lb is mndistinguishable. In 
one case (Table 3a) the effect on both types was only slightly less at 
a dilution of 1:625 than it was at 1:5 and in the other (Table 3b) a de~ 
finite prezone was observedwith optimum phagocytosis occurring in a 
range between dilutions of l:l25 and 1:625. This prezone has been re-
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ported previously by many other workers and has been noted in many of 
these experiments. No satisfactory explanation of this phenomenon has 
been offered by previous workers. It would seem however that this is a 
purely mechanical effect due to gross agglutination of the bacteria at 
the highest antibody concentrations. Since each one of these large clumps 
would act as a single particle, the number of particles available for 
phagocytosis would be effectively reduced. As Hanks16has shown the 
magnitude of phagocytosis is a function of the relative numbers of 
bacteria and white cells in the reactant mixture. 'Ihus any decrease in 
the available bacteria due to agglutination would considerably lower 
the apparent degree of phagocytosis observed. 
Against Flexner 3, la serum shows strong opsonization at a 
dilution of 1:5, but this decreases as the antiserum is diluted such 
that at a dilution of 1:625 it 'SOP'ffi no greater phagocytosis than was 
seen in the saline controls • 
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A drop in activity is noted at a serum dilution of 1:25(Table 3a) 
Due to the inconsistency of this observation it is not possible to attack 
aey significance to it • 
THE OPSONIC ACTION OF FLEXNER lb SERUM 
The data in Tables 4a and 4b and Figure 2 show essentially the 
same pattern differing only quantitatively. In both cases lb serum 
maintained activity against Flexner la and lb cells to a dilution of 
1:15625 and showed optimum opsonic action between 1:125 and 1:3125.~ 
It is interesting to note that in Table 4a and to a lesser ex~ 
tent in Table 4b, lb serum shows a detectable opsonic activity against 
la and lb cells at a dilution of 1:15625. The action noted could 
possibly be considered an experimental arte£act, due to the large number 
of errors imvolved in this technique, but the consi~ency of this ob-
servation supports its validity. Thus at a dilution where no visible 
agglutination can be observed there is still sufficient antibody avail~ 
able to sensitize a certain percentage of the bacteria. lb serum is 
most active in optimal concentration against the homologous cells 
(Table 4a) while the data presented in Table 4b indicates that this 
serum is more active against la cells. Other experiments have failed 
to clarify this situation so no definite statement can be made in this 
regard. A priori it might be expected that lb serum would have its 
greatest activity against the homologous lb cells, but this remains to 
be proven. 
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Against 3 cells, lb serum shows optimal phagocytosis to a dilut~ 
ion of 1:625, falling off markedly if diluted further. Thus, even though 
3 cells are agglutinated to the same titer as the homologous cells, they 
are not opsonized equally. 
In ~neral the results indicate that lb serum opsonizes la and lb 
cells equally well and that this serum is also very active against 3 
cells but to a lesser extent. The latter fact may indicate that the type 
specific I antigen is more important than the group factor 6 in deter~ 
mining the cross reactions in this system. Experiments of a more quanti-
tative nature would have to be undertaken to establish definitely this 
implication. 
THE OPSONIC ACTION OF FIEXNER 3 SERUM 
The results obtained here are very clear cut~ It will be seen by 
reference to Table 5 and Figure 3, that in both cases presented, Flexner 
3 antiserum opsonized Flexner la organisms only at a dilution of 1/5, 
its activity falling off very rapidly at greater dilutions. Against 
Flexner lb this serum gave a detectable opsonic action out to a dilution 
of 1/3125, but at every dilution this activity was below that obtained 
with the homologous Flexner 3 strain. 
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Thus there seems to be a gradient of activity with this serum. 
The homologous organisms, of course, are opsonized very well; the 
activity against Flexner lb is good but below that of 3; and Flexner 
la is acted upon only at very low dilution. 
A drop in activity is seen with lb and 3 cells at a dilution of 
1:125 in Table 5b and Chart 3. This drop must be considered an experi-
mental artefact at the present time, since attempts to repeat it have 
been unsuccessful. 
THE EFFECT OF NORMAL RABBIT SERUM ON THE OPSONIC ACTION OF 
FLEXNER lb SERill1 AND lb CELLS 
For experiments on the effect of normal serum on the specificity 
of action of the immune sera employed, it was necessary to determine the 
best dilution of normal serum to use. In particular it was necessar.y 
to pick a dilut ion where the normal serum would not inhibit the activity 
of the immune serum as Ecker etal12had reported. The results tabulated 
in table 7 clea.rly show that no such inhibition of immune serum activity 
was seen. The greater the concentration of nonnal serum the greater was 
the degree of phagocytosis. The normal serum activity was evident only 
in dilutions of 1:25 or less. All . dilutions of normal serum greater than 
this showed_ phagocytic levels that were essentially the same as the con-
trols. (saline control level in Table 7). At a nor.mal serum dilution of 
2:3225 and antibody dilut ions of 1:625 and 1:3125 greater activity was 
observed than in the controls with no normal serum added. These two 
readings must be considered experimental error. 
THE EFFECT OF NORMAL RABBIT SERUM ON THE OPSONIC ACTIVI'l'Y 
OF FLEXNER 3 SERUM 
The effect of normal serum on the opsonic activity of antibody 
has been discussed in the historical review. The concept held at the 
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present time is that normal serum acts to enhance the action of antibody 
perhaps acting as a catalyst, speeding up the phagocytic reaction, but 
not affecting the final endpoint. Since all of the experiments reported 
in this paper were carried out with heat inactivated immune sera, i t 
seemed advisable to detennine the effect of fresh normal serum on their 
activity. 
Table 7 contains the results of an experiment in which the opsonic 
activity of Flexner 3 antiserum against la, lb and 3 cells was measured 
in the presence of fresh normal rabbit serum and in the absence of normal 
serum. These two experiments were run simultaneously so that t hey can be 
quantitatively compared. It is necessary to examine the results in the 
con;Vrol tubes containing only normal serum in a dilution of 1:25 to in""' 
terpret the results in the body of the experiment.. At this concentration 
of normal serum la cells are readily engulfed, 1 b cells are only slightly 
phagocytized and 3 cells are not opsonized at all. This differential 
effect of nor.mal serum on the three types of Shigella flexneri employed 
has been pointed out in a previous section. 
Thus the specificity of the Flexner 3 antiserum seems to be masked 
by the greater activity of the normal serum alone on the heterologous la 
cells. Nevertheless~ by examining the results, the la cells still stand 
out as the heterologous type since the munber of organisms engulfed de-
creases as the antibody is decreased between dilutions of 1:5 and 1:125, 
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. both 'hd.th and 'Without the presence of normal serum. In the former case 
however, the level falls to that of the normal :;;erum control and in the 
latte.r case it falls to the saline control level. With lb and 3 cells 
the normal serum along showed little activity, but was still capable of 
enhancing the action of the immune serum~ This action is particularly 
evident w.i. th lb cells. In the absence of normal serum lb cells were not 
engulfed at an immune serum dilution of 1:3125 whereas with nonnal serum 
present activity was still evident (above that of the normal serum control) 
at a dilution of 1:15625. Normal se~ in a dilution of 1:25 had no 
effect on Flexner 3 cells. In the presence of antibody however the normal 
serum effect was evident. This is very pronounced at a dilution of 1:625. 
(see · Table?) 
TEE EFFECT OF NORMAL RABBIT SERID~ ON THE OPSONIC ACTIVITY OF 
FLE.Xli!ER la SERUM 
The data in Table 8 represent the same type experiment as presented 
in the "9revious section. In this case, however, the , inunune serum 
~!liPloyed \'ras Flexner la antiserum. The results show that ntlr a l .rabbit 
serum in a dilution ot 1:2) was effective in increasing the activity 
of the heat inactivated immune serum. Once again the nor mal serum alone 
was mos t active against the la cells, showing little activity a.gai:g.st 
eithe:t~ lb or 3 types. Iu. contrast· to the previous exper iment with 
Flexner 3 antiserum, ·this differential activity of the no~mal serum 
6itused an apparent increase in the sp~cificity of the · la antiserum, 
particularly at dilutions of 1:625, 1:3125 and 1:15625. This is not 
surpr~sing since the heterologous 3 cells are not opsonized by normal 
serum alone. At highe~ concentrations -of la serum, liowevgr, the a ormal 
serum markedly enhanCe.d the activity against these het~rologous. 3 cells. 
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In spite of this, the type 3 cells can still be recognized as the heter-
ologous type, since the activity of the la serum against these cells 
decreases as the antiserum is diluted. 
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TABLE 2 
THE OPSONIC ACTIVITY OF NORMAL RABBIT SERID-1 
C;ell. ~line 
e !Control 
18 126 2 4 6 10 
82 68 56 4 6 12 
151 101 9 7 :2 2 
72 54 10 8 4 4 
3 BacteriaL20WBC 111 42 1;2 4 4 8 
%Active WBC 78 ;20 14 6 8 8 
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TABLE 3 
SPECIFICITY OF THE OPSONIC ACTION OF FLEXNER 1a SERUM 
Table 3a 
DILUTIONS OF FLEXNER la SERUH Saline 
1/5 1/25 1/125 1/625 1/3125¥15625 Control 
222 184 217 158 28 11 1 
78 66 68 32 1 2 
lb 183 62 
15 0 
18 0 
3 Bateria /50WBC 253 % Active WBC 82 80 27 8 2 24 12 4 
Table 3b 
Cell DILUTIONS OF FLEXNER la SERUM Saline 
TZEe 1Z2 1Z22 1Z125 1Z625 1Z3125 J.:llt$25 Control 
la Bacteria/50WBC 89 86 171 160 140 u · 6 
% Active ri.BC 42 36 60 60 50 14 6 
lb Bacteria/50WBC 67 87 142 150 71 7 2 % Active WBC 32 28 54 72 38 6 2 
3 6 20 9 
8 10 10 4 
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SPECIFICITY OF THE OPSONIC ACTION OF FLEXNER la SERUM ( Ta~le Ja ) 
___ la cells 
____ lb cells 
300 
___ 3 cells. 
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TABLE 4 
THE SPECIFIC rrY OF THE OPSONIC ACTION OF FLEXNER lb SERill1 
Table 4a 
Cell DILUTIONS OF FLEXNER lb SERUM Saline 
T;rne 1Z2 1Z22 1Z122 1Z622 1Z2122 1Z12622 Control 
la. BacteriaL50WBC 100 1~2 128 114-2 26 10 %Active WBG 4S 76 70 66 26 12 
lb 75 106 314 422 172 2 52 52 7 90 70 52 4 
3 242 134 20 11 8 80 18 1 8 
Table 4b 
Cell DILUTIONS OF FLEXNER lb SERUM Saline 
Type 1/5 1/ 22 1/ 125 1/625 1/2125 1/15625 Control 
la Bacteria/50WBC 21 2~ 106 210 157 48 ~ ~ Active WBC 44 44 50 Z4 54 ;20 
lb BacteriaL20WBC 112 100 96 167 116 27 0 %Active WBG 52 42 . . -3$-b8~8 22 0 
3 BacteriaL20WBG 170 127 121 126 26 2 1 i Active ~me 68 50 56 60 23 4 2 
300 
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S:fEC I:E'IC ITY OF THID OPSONIC ACTION OF FLEXNER lb SERUl>1 ( Table 4b ) 
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TABLE 5 
THE SPECIFICITY OF THE OPSONIC ACTION OF FLEXNER 3 SERUM 
Table 5a 
Cell 
----~-T e 
la 1 2 0 2 
lb Bacterial29l@f __ 86 % Active WBC .. ...,.3..,.,..8-- -~-~6:o;;:;-l --~2::..;:;3 _ _ ;32 20 
1 
2 
3 
Table 5b 
Cell 
TZJ2e 
la Bacteria/50WBC 72 16 4 0 2 2 % Active WBC 36 12 4 0 2 4 
lb 6 2 8 4 
3 92 108 50 52 
a: 
"' a. 
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a. 
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TABLE 6 
THE OBSONIC ACTION OF FLEXNER lb SERUM ON lb CELLS 
IN THE PRESENCE OF NORMAL SERUM 
-Eormal DILUTIONS OF FLEXNER 1b SERUM Saline 
S.erum 1Z5 1Z22 1Z125 1Zb25 1Z3125 1Zl2b25 Control 
1/5 190 278 276 92 92 90 
2 8 197 
94 82 
52 8 11 8 
26 3 10 10 
:}/>25 BacteriaL,20WBC 57 58 57 27 112 12 1 % Active ~-me 38 38 32 40 56 12 2 
~ 10 2 12 2 
57 4 116 87 4 
40 26 54 48 4 
TA
BL
E 
7 
TH
E 
EF
FE
CT
 O
F 
NO
RM
AL
 R
AB
BI
T 
SE
RU
M 
ON
 T
HE
 O
PS
ON
IC
 A
CT
IV
IT
Y 
OF
 F
LE
XN
ER
 3
 A
NT
ISE
RU
M 
No
rm
al 
la
 
R
ab
bi
t 
Ba
ct
er
iaL
50
i'f
fiC
 
2~~
 
25
4 
15
3 
13
4 
42
.
 
·-
12
 
1b
 
Se
ru
m
 
%
 A
ct
iv
e 
WB
C 
so
 
70
 
58
 
-
18
 
12
 
1/
25
 
3 
Ba
cte
ria
L5
0W
BC
 
21
2 
22
8 
23
0 
29
1 
.
 
11
4 
5 
0 
5 
7i
>_
__
_~
--
86
 
6 
90
 
44
 
0 
&
.lm
e 
Co
nt
ro
l 
1a
 
Ba
cte
ria
L2
0W
BC
 
15
9 
78
 
0 
0 
1 
0 
%.
A
ct
iv
e 
WB
C 
64
 
30
 
0 
0 
2 
0 
Sa
lin
e 
lb
 
B
ac
te
ria
L5
ov
m
c 
15
7 
12
4 
·12
0 
22 
!:± 
4 
0 
%
 
56
 
34
 
60
 
12
 
h 
6 
0 
3 
tia
cte
ria
L2
0W
BC
 
20
2 
18
2 
2C
/1 
13
6 
54
 
0 
1 
%
 
48
 
64
 
50
 
30
 
0 
2 
\.,
.) 0 • 
TA
BL
E 
8 
TH
El 
EF
F.
EC
T 
OF
 N
OR
Jo.
1A
L 
RA
BB
IT
 S
ER
UM
 O
U 
TH
E 
OP
SO
NI
C 
A
CT
IV
IT
Y
 O
F 
FL
EX
11
ER
 l
a
 S
ER
UM
 
D
il
ue
nt
 
C
el
l 
D
il
ut
io
ns
 o
f 
F
le
xn
er
 l
a
 S
er
um
 
N
or
m
al
 
_
Ty
pe
 
1/
5 
1/
25
 
1/
12
5 
1/
62
5 
1/
31
25
 1
/1
56
25
 S
er
um
 C
on
tr
ol
 
N
or
m
al
 
R
ab
bi
t 
Se
ru
m
 
1/
25
 
Sa
li
ne
 
la
 B
ac
te
ri
a/
5o
w~
C 
20
1 
25
2 
22
6 
12
8 
16
4 
11
5 
10
3 
%
 A
ct
iv
e 
\\IJ
3C
 
66
 
88
 
84
 
_
iQ_
___
__7
JL 
_
_
 
5_
6 
_
_
 
--
~-
-_
52
 
lb
 B
ac
te
ri
a/
50
\m
C
 
17
2 
26
8 
25
9 
11
6 
63
 
68
 
19
 
%_
 -~-
t i 
v
e
 _
 WB
C~
 _ 
_
6_8
_ 
82
 
82
 
62
 
46
 
48
 
20
 
3 
Ba
ct
er
ia
/5
o~
mc
 
25
0 
20
3 
17
7 
38
 
4 
6 
5 
%
 A
ct
iv
e 
w.
BC
 
80
 
76
 
54
 
22
 
4 
·
 
4 
6 
So
.6M
e 
Co
nt
l-0
1 
la
 B
ac
te
ri
~/
so
WB
C 
82
 
10
2 
14
7 
16
1 
12
0 
10
 
5 
%
 A
ct
iv
e 
WB
C 
42
_
 
46
__
 
~8
-
_
_
 54
 
44
 
8 
4 
1b
 B
ac
te
ri
a/
5o
~m
c 
36
 
10
1 
98
 
12
2 
62
 
-
-
4 
%
 A
ct
iv
e 
W
BC
_ 
30
 
46
__
 
46
 ~
~_
_2
6_
~_
3_
8_
 __
_
_
 
1} 
!. 2 
3 
~a
ct
er
ia
/5
0W
BC
 
15
6 
53
 
18
 
4 
1 
0 
2 
%
 A
ct
iv
e 
WB
 C
 
54
 
32
 
_
8 
4 
2 
0 
2 
\..
..) 
.
.
.
.
.
 
•
 
32. 
DISCUSSION 
Heat inactivated immune sera prepared against Shigella flexneri 
types la, lb and 3 were active opsonic agents for the homologous and 
closely related heterologous types. The pattern of cross reaction 
follo'l'red very closely that shown by the agglutination reactions 
with these sera. In general then, it can be statid that the same antigen 
antibody system is involved in the opsonic reaction as in the agglut• 
ination reaction; the type specif ic I antigen being responsible for 
the cross opsonization of la and lb cells by la and lb antisertun and 
the group factor 6 causing the cross reaction between lb and 3 cells 
and lb and 3 antisera. ( A more complete presentation of the common antigens 
held by these types '\'rill be found in the antigeni9 scheme presented in 
the section on methods. ) 
One general pattern of reaction was seen with each of the three 
sera tested. Against the homologous and closely related heterologous 
cells the immune sera maintained ahigh phagocytic level out to a dil-
ution of 1:625 or 1: 3125 depending on the serum employed. Dilution 
beyond this range 160. to a precipitous fall in activity. Against the 
more distantly related type the sera showed good activity at a dilution 
of 1:5, but on fur~her dilution this activity fell rapidly in a. logar-
ithmic manner. This pattern of opsonic activity with the immune sera 
tested is diagramatically repr esented below: 
------- homologous cells 
____ heterologous cells 
\ 
\ 
\ 
' ' ...... _ 
33. 
In the presence of normal serum this basic pattern is not alterred. 
Due to the differential activity of normal serum alone on the three strains 
of Shigella flexneri used, the relative differences in the action of 
immune serum on the homologous and heterologous cells may be either 
magnified or reduced. No inhibitory action of normal serum on the opsonic 
activity of the immune sera was seen. This finding is in opposition t o 
I~ 
that repoeted by Ecker et al • In a few cases ( not presented ) some 
aberrant patterns were found at varying dilutions of normal and immune sern, 
but these could not be repeated. Since Ecker 's group were dealing with 
~ different antigen antibody system ( Staphylococcous aureus ) and 
~ere working under different quantitative conditions, it would be unwise 
to completely discount their findings on the basis of these experiments. 
The specificity of the opsonic activity of immune sera prepared 
against the several types of Shi#ellp4 f1exaeri employed in these exp-
eriments would indicate that any attempt at active immunization must 
include the major antigens of the various types. In the case of Flexner 
la, lb and 3, the type specific I antigen and the group specific 6 
antigen are of prime importance. Other studies using the cross protection 
test on the chick embryo and the mouse have supported this conclusion. 
~a . Weil and McFarlane ~ ~n 1944, found that homologous antisera were much 
.more effective in protecting the chick embryo against infection thEn 
the heterologous sera. These workers, however, fottnd strong cross pro-
'tection by Y antisera against some W ( type 2a ) and Z ( type 3 ) types. 
,These strains were known to contain large quantities of Y antigen. 
' 
In 1945, Weil and Farsetta 37 again found this crossing using passive 
serum protection tests in the mouse and the chick embryo. They found 
tha t with la and 3 sera the embryo or mouse was protected against the 
homologous types as wellas against lb. This may be represented dia-
gramatically as below: 
CELL 
TYPE 
la 
lb 
3 
ANTISERliM 
la 3 
p 
p p 
p 
P ::: protect ion 
Cooper and Keller 4 found this same degree of cross protection in act-
,ively immunized mice. As Weiland McFarlane 38 state," The experiments 
in actively immunized mice further substantiate the evidence that the 
,pr imary ( predominant ) antigen is decisive for protective ability." 
The question notv remains as to \'that this means ir1 terms of 
infection, recovery ani immuni ty in human dysentery. The importance of 
~irculating antibody is in some doubt. Watt and Decapito 36 in 1945, 
sho'llred that although agglutinins appear in the blood in response to dys-
I 
,entery infection,there seems to be no relation between these antibodies 
. and recovery and immunity. Hardy, Decapito and Halpert 17 extended these 
observations to actively immuniBed ind:tviduals. These "'orkerl reported 
that although vaccines of Shigella f1exneri, Shigella sonnei and Shisella 
schmitzii were antigenic, they were of absolutely of no value as 
prophylactic agents. Since the opsonins against §higella flerner :t have 
been found to be direc t ed against the same antigens as the agglutinins 
it \1ould appear that they too play no significant role in i mmunity. 
This would not be too surprising since it is well known that dysentery 
bacilli do not invade the blood stream. The infection is limited to the 
upper large intest i ne. However, in the infected. areas there is a tre-
I 
mendous outpouring of polymorphonuclear leucocytes and in many cases 
a good deal of hemorrhage. ~hesi conditions should be excellent for 
r apid phagocytosis of the invading organisms even if immune serum 
is not present in large amounts, since the normal serum present 
would certainly be an adequate opsonic stimulus. V~ the infection 
is not quickly overcome is unexplained at the present time. 
The chick embryo and mouse protective techniques are of little 
more value than the agglutination test in elucidating the basic 
mechanisms involved in the pathology of dysentery since a typical 
dysentery does not develope in these animals. Until a true dysentery 
can be reliably produced in a convenient experimental animal many 
of the factors playing a role in recovery and immunity to this disease 
will remain obscure. 
3S. 
· , 
SUMMARY 
Antisera were prepared against Shigell_a flexner1 types la, lb and 
3 and the ability of these sera to promote the phagocyt osis of the hom-
ol ogous and heterologous cell types 'ttas investigated. A basic pattern of 
onsonic activity 't~S observed in each case. Against the homologous cells 
,-
the antisera maintained a high degree of opsonic action to -dilutions of 
1:625 or 1:3125 depending on the serum employed, while . good phagocytosis 
I 
ff the heterologous _cel l s was only seen at antisera dilutions of 115 or, 
in a f ew cases, at 1: 25 . 
Flexner type la arittse.rum showed good opsonic activity against the 
homologous la cells ard against the heterologous lb cells . This cros s 
:react~on 'ttas accounted for by the presence of the type spec ific I antigen 
in both of these stra ins . Against the heterologous Flexn~r 3 cells~ la 
ant iserum was an effective opsonic agent only in a dilution of 1:.5, its 
act ivity decreasing logarithmically as the serum "'ra.s diluted be;lrond this 
point . 
Flexner type lb anti ~P-rum was strongly opsonic for all three 
cell types. The cross react ion with Flexner la cells can again be accoWlted 
.... or b;y he presence of the type specific I antigen, t>Thile the group fact or 
6 present in both l b and 3 cells vrould. explain t he cro"'s opsonization of 
I 
't ype 3 cells by the lb ~mtiserum. 
Type J antiserum presented a gradient of opsonic act ivity _against 
the three Flexner types. This antiserum was a very effective opsonic agent 
!against the homologous type 3 cells. Its activity against the closely 
related,heterologous lb cells was consistant);y lower than against the 
homol ogous type, but "'as decidedly greater than that shovm against the 
type la cells. 
The addition of normal rabbit serum was. effective in increasing 
the activity of these heat inactivated sera against both the homologous 
an~d the heterologous cells, but the specificity of the react ion, 'tras 
maintained. 
37 
In general the pattern of cross reaction presented by these anti-
sera was very similar to that see~ in the agglutination test. From this 
evidence it can be assumed that the same antigen antibody systems are 
involved in the immune opsonic reaction as in the agglutination reaction. 
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